White matter (WM) abnormalities have long been suspected in obsessive-compulsive disorder (OCD) but the available evidence has been inconsistent. We conducted the first multimodal meta-analysis of WM volume (WMV) and fractional anisotropy (FA) studies in OCD. All voxel-wise studies comparing WMV or FA between patients with OCD and healthy controls in the PubMed, ScienceDirect, Google Scholar, Web of Knowledge and Scopus databases were retrieved. Manual searches were also conducted and authors were contacted soliciting additional data. Thirty-four data sets were identified, of which 22 met inclusion criteria (five of them unpublished; comprising 537 adult and pediatric patients with OCD and 575 matched healthy controls). Whenever possible, raw statistical parametric maps were also obtained from the authors. Peak and raw WMV and FA data were combined using novel multimodal meta-analytic methods implemented in effect-size signed differential mapping. Patients with OCD showed widespread WM abnormalities, but findings were particularly robust in the anterior midline tracts (crossing between anterior parts of cingulum bundle and body of corpus callosum), which showed both increased WMV and decreased FA, possibly suggesting an increase of fiber crossing in these regions. This finding was also observed when the analysis was limited to adult participants, and especially pronounced in samples with a higher proportion of medicated patients. Therefore, patients with OCD may have widespread WM abnormalities, particularly evident in anterior midline tracts, although these changes might be, at least in part, attributable to the effects of therapeutic drugs.
INTRODUCTION
Obsessive-compulsive disorder (OCD) is a chronic and relatively prevalent neuropsychiatric disorder, which causes much distress and disability. Although the precise causes of the disorder remain unknown, a large literature has emphasized the importance of specific fronto-striatal neurocircuitry in mediating its symptoms, including early reports of obsessive-compulsive symptoms developing after brain lesions, studies on neuropsychological deficits in individuals with OCD, as well as a range of functional neuroimaging studies exposing patients to illness-relevant cues (Daniele et al, 1997; Mataix-Cols and van den Heuvel, 2006; Saxena and Rauch, 2000) .
The findings of structural neuroimaging studies have been broadly consistent with the prevailing fronto-striatal model of OCD. For example, various meta-analyses of voxel-based morphometry (VBM) studies consistently found decreased gray matter volumes in dorsal mediofrontal/anterior cingulate cortex, and increased gray matter volumes in basal ganglia and parietal cortex (Radua and Mataix-Cols, 2009; Radua et al, 2010; Rotge et al, 2009) . A recent multicenter mega-analysis found robust decreases of gray matter volume in dorsomedial prefrontal/anterior cingulate cortex and inferior frontal gyrus extending to anterior insula, age-related volume decreases in the temporal cortex extending to thalamus, volume increases in the cerebellum, and age-related volume increases in the basal ganglia (de Wit et al, 2013) . Recent reviews have also highlighted the importance of other brain structures such as parietal and limbic areas in the neuroanatomy of the disorder (Menzies et al, 2008a; Milad and Rauch, 2011) . Finally, a growing literature additionally highlights the importance of considering entire brain systems and the inter-connectivity between brain regions, rather than discrete brain regions in OCD Menzies et al, 2008a) .
Although research on gray matter abnormalities in OCD has seen considerable progress, the study of white matter (WM) tracts that connect the brain regions implicated in the disorder have received considerably less attention (Fontenelle et al, 2009) . A careful characterization of WM abnormalities in OCD is important to help gaining a deeper understanding of the brain systems implicated in the disorder. Some of the published VBM studies included information on WM volumes (WMVs), with results that are not easy to reconcile at first glance (Duran et al, 2009; Lazaro et al, 2011; van den Heuvel et al, 2009 ). In the abovementioned mega-analysis, de Wit et al (2013) found between-group differences in frontal WMV, presumably reflecting abnormalities in WM tracts connecting prefrontal and subcortical brain regions, thus being broadly consistent with the prevailing fronto-striatal model of OCD, and in line with some, but not all, previous WMV studies (Togao et al, 2010; van den Heuvel et al, 2009 ). To our knowledge, no meta-analyses of WMV studies have been conducted to date.
Diffusion tensor imaging (DTI) is potentially more suited to study the integrity of WM tracts in OCD. A growing number of such studies have been published, although these studies have been typically small, their methods diverse and their results inconsistent. Some of these inconsistencies may simply be related to the study of pediatric and adult samples, as important changes in WM occur during normal brain development ; therefore pediatric and adult studies may not be directly comparable. Another potentially important confound is whether patients are on medication at the time of their scan. At least two small studies (Fan et al, 2012; Yoo et al, 2007) found that WM alterations in OCD may be partially reversible with pharmacotherapy, although these studies lacked a control (placebo) group and therefore these changes could not be unequivocally linked to the treatment itself. In an attempt to summarize the growing yet confusing DTI literature, a recent meta-analysis of seven DTI studies in OCD (Peng et al, 2012) found lower fractional anisotropy (FA) in the cingulum bundle, the inferior fronto-occipital fasciculus and the superior longitudinal fasciculus (SLF), and increased FA in the left uncinate fasciculus. Given the modest number of included studies, these findings should be regarded as preliminary.
The current meta-analysis aimed to provide an updated quantitative summary of studies investigating WMV and FA abnormalities in OCD using effect-size signed differential mapping (ES-SDM), a meta-analytic technique capable of combining studies in which only peak information is available, with studies from which the raw statistical parametric maps (SPMs) can be obtained from the authors (Radua et al, 2012b) . We also used novel multimodal meta-analytical methods, which enable the combination of various imaging modalities in the same meta-analysis, thus potentially offering insights that are not apparent from any given imaging modality alone (Radua et al, 2013b) . Specifically, we first conducted separate meta-analyses of WMV and FA studies in OCD, followed by a multimodal meta-analysis of WMV and FA. Finally, we used meta-regression methods to examine the potentially moderating effects of medication and other relevant variables on the reported abnormalities.
MATERIALS AND METHODS

Inclusion of Studies
A comprehensive literature search of WM VBM and diffusion-weighted magnetic resonance imaging studies in OCD was conducted using PubMed, ScienceDirect, Google Scholar, Web of Knowledge and Scopus search engines. The search keywords were 'obsessive-compulsive disorder' plus 'voxel-based morphometry', 'white matter', 'volume', 'diffusion tensor', 'DTI' or 'anisotropy'. In addition, manual searches were conducted within review papers and reference sections of individual papers. All voxel-wise studies comparing WMV or FA between individuals with OCD and healthy controls were eligible for inclusion. Exclusion criteria were: (1) studies from which peak coordinates or parametric maps could not be retrieved from the published article or after contacting the authors; (2) studies limiting their analyses to specific regions of interest (ROI); (3) studies in which different thresholds were used in different regions of the brain; and (4) studies using tract-based spatial statistics (TBSS). The latter criterion was required because TBSS studies restrict their analyses to a FA-derived tract skeleton and thus could not be combined with (whole-brain) WMV and FA studies.
As WM substantially changes during development, especially in the SLF, but also in the inferior longitudinal and fronto-occipital fasciculi and the anterior thalamic radiation , the meta-analyses were also conducted limiting the analyses to adult studies (ie, after the exclusion of pediatric/adolescent samples).
Data Extraction
Data were independently extracted from each study by one of the investigators (MG) and checked by another investigator (JR) to minimize data entry errors. Corresponding authors were asked whether they could provide additional details not included in the original publications. MOOSE guidelines for meta-analyses of observational studies in epidemiology were followed in the study.
Global WMV
Differences in global WMV between patients and controls were meta-analyzed using standard restricted maximumlikelihood random-effects models as included in ES-SDM software (http://www.sdmproject.com/).
Regional WMV
Differences in regional WMV were also meta-analyzed using ES-SDM software (Radua et al, 2011) , which has specific WMV and FA templates (Radua et al, 2011) . Voxel-based meta-analytic methods have been described in detail elsewhere (Radua et al, 2012b) and thus only the main features of ES-SDM are summarized here.
First, as stated in the exclusion criteria, only studies in which the same threshold is used throughout the whole brain are included, in order to avoid biases toward those brain regions that authors may have liberally thresholded (Radua and Mataix-Cols, 2009 ). Second, meta-analytic WM maps are based on a specific WM template, rather than on whole brain or gray matter templates, which would bias the statistical significance (Radua et al, 2011) . Third, both increases and decreases of WMV are recreated in the same map to avoid WMV from regions with high between-study heterogeneity appearing as increased and decreased at the same time. Fourth, meta-analytical calculations are based on random-effects models, thus taking sample size, intrastudy variability and between-study heterogeneity into account (Radua et al, 2012b) . Fifth, assessment of statistical significance is based on a distribution-free permutation test (Radua et al, 2012b) . Finally, results are thresholded at Po0.005, requiring a peak Z41 and a cluster extent of 10 voxels; this particular set of thresholds was found to optimize sensitivity while correctly controlling false-positive rate in the empirical validation of ES-SDM (Radua et al, 2012b) .
The main analyses were complemented with analyses of robustness, namely: (a) jackknife sensitivity analysis, consisting of iteratively repeating the meta-analysis excluding one study at a time, in order to establish whether the results are replicable (Radua and Mataix-Cols, 2009 ); (b) repetition of the meta-analysis after the exclusion of pediatric/ adolescent samples; and (c) funnel plots to detect gross abnormalities and assess whether findings might have been driven by few or small studies.
Regional FA
The meta-analysis of regional FA was methodologically identical to that of regional WMV. However, the main analyses were also complemented with meta-regressions by the mean OCD symptom severity (as measured by the YaleBrown obsessive-compulsive scale (YBOCS)), the mean age of OCD individuals, and the percentage of OCD individuals receiving medication. The equivalent analyses could not be conducted in regional WMV because of an insufficient number of studies. As in previous studies (Radua et al, 2012a) , results from meta-regressions were thresholded more conservatively (Po0.0005) and only considered when significant slopes were accompanied by significant differences at one extreme.
Multimodal Meta-Analysis
Finally, the meta-analyses of regional WMV and FA abnormalities were combined in order to detect those brain regions showing differences in both imaging modalities. We followed the approach described in Radua et al (2013b) , which aims to obtain the overlap between the abnormal regions in the two modalities accounting for noise in the meta-analytic P-values. Note that the aim of such analysis was not to detect correlations between WMV and FA, but rather, to detect those regions showing abnormalities in both WMV and FA. This method has already been successfully applied to the study of brain abnormalities in other psychiatric populations (Radua et al, 2012a) .
WM Structure Identification
In order to identify the WM structures involved in the different analyses, meta-analytic results were projected into a high-resolution diffusion-weighted imaging data set using Advanced Normalisation Tools (ANTS, http://www.picsl. upenn.edu/ANTS/), which combine affine with diffeomorphic deformations (Avants et al, 2008) . Further details on the acquisition and the processing of the high-resolution diffusion-weighted imaging data set can be found in Thiebaut de Schotten et al (2012) and Catani et al (2012) . Meta-analytic results were also used to filter the whole-brain tractography of the diffusion-weighted imaging data set in order to display solely the WM structures of interest in the figures of this paper.
RESULTS
Included Studies and Sample Characteristics
As seen in Supplementary Figure 1 , the search and contact with authors retrieved a total of 34 potentially suitable studies (13 WMV and 21 DTI). Of those, two WMV and four DTI studies were excluded because they used a ROI approach, six other DTI studies were excluded because they used TBSS, and one WMV study was excluded because its sample overlapped with the sample from another larger study. Please see Supplementary Figure 1 for references of the excluded articles.
Thus, 21 studies (providing 22 data sets: 10 WMV and 12 DTI) completed before 31 January 2013 could be included in the meta-analysis (Table 1 ; Admon et al, 2012; Cannistraro et al, 2007; Carmona et al, 2007; Duran et al, 2009; Fan et al, 2012; Garibotto et al, 2010; Gruner et al, 2012; Ha et al, 2009; Koprivova et al, 2009; Lazaro et al, 2011; Li et al, 2011; Matsumoto et al, 2010; Menzies et al, 2008b; Nakamae et al, 2008; Pujol et al, 2004; Riffkin et al, 2005; Szeszko et al, 2005; Togao et al, 2010; van den Heuvel et al, 2009; Yoo et al, 2007 Yoo et al, , 2008 . They comprised a total of 537 participants with OCD (469 adults and 68 children/adolescents) and 575 healthy controls (507 adults and 68 children/adolescents). No relevant differences between patients and healthy controls were found in terms of age and gender, as the original studies were already well matched in this respect. Raw SPMs could be retrieved for two studies (Nakamae et al, 2008; Togao et al, 2010) , non-published peak data from three studies (Cannistraro et al, 2007; Lazaro et al, 2011; Yoo et al, 2008) , and standard published peak data from the remaining studies. All the studies were of acceptable methodological quality (see Supplementary Tables 1-4 ) and written in English.
Differences in Global WMV
Data for this analysis were obtained from seven WMV data sets including 278 patients with OCD and 293 healthy controls (Koprivova et al, 2009; Lazaro et al, 2011; Matsumoto et al, 2010; Pujol et al, 2004; Togao et al, 2010; van den Heuvel et al, 2009; Yoo et al, 2008) . This meta-analysis did not find differences in global WMV between patients and White matter in OCD
Differences in Regional WMV
Data for this analysis were obtained from all 10 WMV data sets including 333 patients with OCD and 344 healthy controls (Carmona et al, 2007; Duran et al, 2009; Koprivova et al, 2009; Lazaro et al, 2011; Matsumoto et al, 2010; Pujol et al, 2004; Riffkin et al, 2005; Togao et al, 2010; van den Heuvel et al, 2009; Yoo et al, 2008) . Patients showed significantly increased WMV in anterior midline WM structures, approximately corresponding to the corpus callosum (CC) and the cingulum bundle, as well as the right anterior thalamic radiation and the left arcuate fasciculus. Decreases of WMV were mainly observed around the right SLF, cortico-spinal tract, frontal aslant tract and anterior body of the CC. These findings were moderately robust in the jackknife analysis, in which they failed to emerge in 1 of the 10 combinations of 9 studies-findings were not statistically significant in combinations not including the study by Yoo et al (2008) , one of the largest studies in the meta-analysis. The analysis after exclusion of pediatric/adolescent samples replicated most of the increases in anterior midline WM structures and right anterior thalamic radiation, but not the spatially largest decreases in right SLF, cortico-spinal tract, frontal aslant tract and anterior body of the CC. Table 2 provides a complete list of the findings and their details.
Differences in Regional FA
Data for this analysis were obtained from all 12 FA data sets including 204 patients with OCD and 231 healthy controls (Admon et al, 2012; Cannistraro et al, 2007; Fan et al, 2012; Garibotto et al, 2010; Gruner et al, 2012; Ha et al, 2009; Li et al, 2011; Menzies et al, 2008b; Nakamae et al, 2008; Szeszko et al, 2005; Yoo et al, 2007) . Patients showed significantly decreased FA in midline WM structures such as the CC and the cingulum bundle, as well as parts of the right ventral SLF (SLF III) and a region also comprising left inferior longitudinal and fronto-occipital fasciculi. FA decreases in cingulum bundle and left inferior longitudinal and/or fronto-occipital fasciculi were spatially large (4200 voxels) and statistically robust, as they remained significant across all combinations of studies in the jack-knife analysis and after exclusion of pediatric/adolescent samples. We also found significantly increased FA in a region comprising parts of the SLF, cortico-spinal tract, frontal aslant tract and anterior body of the CC, a finding that was also observed after exclusion of pediatric/adolescents samples but failed to emerge in one of the combinations of studies in the jackknife analysis-it was not statistically significant after exclusion of the study by Menzies et al (2008b) , one of the largest studies in the meta-analysis. Please see Table 2 for a complete list of the findings along with their details.
Multimodal Analysis
As shown in 
Assessment of Publication Bias and Heterogeneity
There was no significant between-study heterogeneity in any of the peaks of WM multimodal abnormality (largest Z ¼ 0.92). Visual inspection of their funnel plots did not reveal publication bias (Supplementary Figure 2) , with no Egger test being statistically significant (lowest P ¼ 0.085). However, funnel plots showed that increases of WMV in right internal capsule and left middle longitudinal fasciculus were driven by only one study (Togao et al, 2010 and Yoo et al, 2008 respectively) , and that FA abnormalities were generally driven by more studies than WMV abnormalities.
Meta-Regressions
Samples with higher percentages of medicated patients had more decreased FA in approximately the anterior midline region, which had been robustly detected as abnormal in the main analyses (slope peak at À 14,12,38, Z ¼ À 2.1, P ¼ 0.00008; Figure 1 ). The blob comprised parts of the dorsal branch of the SLF (SLF I), the cortico-spinal tract, the CC and the local frontal connectivity (eg, U-shaped fibers). The meta-regression slope seemed to be especially driven by four relatively small studies with high percentages of medicated patients (Admon et al, 2012; Garibotto et al, 2010; Nakamae et al, 2008; Szeszko et al, 2005) . As far as we could tell from the original publications, the processing pipeline in these four studies was of comparable quality to the remaining studies (mean TE ¼ 87 vs 80, mean number of directions ¼ 20 vs 18, etc; for further details, see Supplementary Tables 3 and 4 ). The percentage of medicated patients was not associated with any other recorded demographic or clinical variable (eg, age, sex, etc) and was similar between pediatric and adult samples (52% vs 56%). In addition, we also made the following observations: samples with younger patients had increased FA in the cingulum bundle, samples with older patients increased FA in the right dorsal prefrontal WM, and samples with higher mean YBOCS increased FA in the bilateral SLF. However, these results need to be interpreted cautiously because they were either driven by only few studies or did not clearly overlap with the between-group differences found in the main analyses.
DISCUSSION
The main finding of this meta-analysis was that patients with OCD appear to have widespread WM abnormalities, comprising parts of the cingulum bundle, CC, SLF, middle and inferior longitudinal fasciculi, anterior thalamic radiation, internal capsule, frontal aslant tract and/or inferior fronto-occipital fasciculus. Findings were particularly robust in anterior midline WM structures (mainly the crossing between the anterior part parts of the cingulum bundle and the body of CC), which showed both increased WMV and decreased FA. These results remained unaltered after the exclusion of pediatric samples. Thus, our results primarily relate to adult OCD patients. Owing to insufficient number of available studies, we were unable to draw specific conclusions regarding WM alterations in pediatric OCD. The decrease of FA in midline WM structures may suggest an increase of fiber crossing in OCD, and the increase of WMV may suggest that this is because of an increase of volume of the non-dominant tract. As exemplified in Figure 2 , WMV and FA can both be increased or decreased in areas where fiber tracts are organized in parallel. However, in the case of fiber crossing, WMV can increase, whereas FA decreases. Among the two tracts crossing the midline WM areas, one is thicker (ie, dominant) and the other(s) thinner (ie, non-dominant) in healthy controls. The predominance of the dominant tract forces the water to mainly flow in only one direction (ie, that of the dominant tract), translating in a relatively high FA. If this interpretation were correct, patients with OCD would have an increase of the thickness of a non-dominant tract, resulting in increased volume, as well as in water flowing in two directions rather than one (ie, those of the two tracts) and thus lower FA. However, other interpretations might be also considered, as changes in WMV and FA could also be due to, for example, changes in membrane permeability or in the presence of non-axonal components such as other cells, vessels or interstitial fluid.
The main WM abnormalities reported here are spatially very close to the gray matter regions that have been consistently found to be abnormal (ie, reduced volumes in cingulate/dorsomedial prefrontal cortices) in previous meta-analyses (Radua and Mataix-Cols, 2009; Radua et al, 2010 ) and a recent mega-analysis (de Wit et al, 2013) of OCD studies. These cortical regions have also been reported to be abnormally activated in functional magnetic resonance studies of patients with OCD, including resting state studies (Swedo et al, 1989) , symptom provocation studies (Rauch et al, 1994) , and studies using tasks requiring inhibitory control (van den Heuvel et al, 2005) . These regions are also anatomically very close to one of the major neurosurgical treatments for OCD, cingulotomy (Ballantine et al, 1987) . Thus, the findings of this meta-analysis add further evidence to the concept of a structural and functional abnormality in the anterior cingulate bundle and adjacent cortex in OCD. Rather than being specific to OCD, it is tenable that these abnormalities may be shared with other anxiety and mood disorders (Radua et al, 2010; van Tol et al, 2010) .
Interestingly, meta-regression analysis showed that the decrease of FA in these midline structures was most prominent in samples that had higher percentages of medicated patients. Although the effects of selective reuptake inhibitors on WM parameters are not well understood, these findings may be consistent with previous work indicating that drug-treated OCD patients have widespread increase of (l 2 and l 3 -averaged) radial diffusivity in adjacent CC/ cingulate gyrus, compared with drug-naive patients and healthy controls (Benedetti et al, 2013) . Reduced FA with increased mean and radial diffusivity suggests changes in myelination; this would be consistent with drug treatments modifying the structure of cell membranes and myelin sheaths by various mechanisms including oligodendrocyte differentiation and remyelination. However, other interpretations may also be considered, for example, medication could induce an increase of crossing fibers, and potential selection bias should also be taken into account. On the other hand, there is some evidence that WM alterations in OCD may be partially reversible with pharmacotherapy (Fan et al, 2012; Yoo et al, 2007) , although these small studies lacked a control (placebo) group and therefore these changes could not be unequivocally linked to the pharmacological treatment itself. A longitudinal study in patients with multiple sclerosis also found that FA may be modulated by fluoxetine (Sijens et al, 2008) , although changes did not reach statistical significance. The impact of medication on WM remains an area of research for the future. As the SLF connects the middle frontal gyrus/dorsolateral prefrontal cortex with the superior parietal lobule, the results of our meta-analysis also support a growing body of evidence that other regions outside the traditional corticostriatal loops, such as parietal cortex, may be involved in OCD (Menzies et al, 2008a; Radua and Mataix-Cols, 2009; Radua et al, 2010) .
Strengths and Limitations
Strengths of this study are the use of novel techniques that combine the positive features from coordinate metaanalytic approaches with those from standard meta-analytic methods, the use of a multimodal approach, which provides Figure 1 Regions with abnormal white matter volume (WMV) and fractional anisotropy (FA) in patients with obsessive-compulsive disorder (OCD), and effects of medication use on the observed FA abnormalities. Regions with abnormal WMV and FA are displayed in red, and meta-regression results (slice y ¼ À 2) in green. Superior longitudinal fasciculus (light blue); cingulum bundle (dark blue); corpus callosum (yellow); anterior thalamic radiation (pink); corticospinal tract (black); frontal aslant tract (gray); frontal superior longitudinal (dark red); middle longitudinal fasciculus (green); inferior fronto-occipital fasciculus (orange); arcuate fasciculus (purple). Effect sizes used to create the meta-regression plot were extracted from the peak of maximum slope significance, and may thus overestimate the effect that would be observed in a broader region.
a unique multimodal view of WM alterations in OCD, and the inclusion of previously unpublished data. Of relevance, we were able to obtain the SPMs from two of the studies included, thus substantially optimizing the statistical power of the meta-analysis. For example, in the ES-SDM validation study, sensitivity increased from 55 to 73% with inclusion of just one SPM and to 87% with inclusion of two SPMs (Radua et al, 2012b) . In addition, the findings were projected into a novel high-resolution diffusion-weighted imaging data set in order to facilitate a more precise, yet approximate identification of the WM tracts involved (Thiebaut de Schotten et al, 2012) .
The study also had several limitations. First, the total sample of subjects was relatively small and we could not include TBSS studies (comprising 127 patients and 129 controls). Second, there were too few pediatric OCD studies for separate meta-analyses. This is particularly important, as the trajectories of brain maturation in OCD are currently unknown and it is tenable that the WM tracts implicated in pediatric vs adult OCD cases may differ. We were, however, able to conclude that our main findings remain broadly unchanged after limiting our analyses to adult samples only. Third, we were only able to include a few clinical variables in the meta-regression models as these were inconsistently reported in the original studies. Furthermore, as mentioned earlier, the results of the meta-regression analyses should be interpreted cautiously because they were either driven by only few studies or did not clearly overlap with the betweengroup differences found in the main analyses. Fourth, we were able to approximately localize regions of potential abnormality, but not to distinguish which particular tract or tracts of those crossing these regions were abnormal. The relatively more precise localization obtained with TBSS studies could potentially help isolate specific tracts; a metaanalysis of TBSS studies is recommended once sufficient numbers of high quality studies become available. Fifth, results defined as 'less robust' (see Table 2 ) should be taken with caution. Sixth, there was some potential methodological heterogeneity as some WMV studies included a modulation step, whereas others did not. However, it must be noted that modulated and unmodulated volumetric images are essentially similar, with the only difference that the former may be more statistically powerful for detecting macroscopic differences, whereas the latter may be more suitable for the detection of smaller, mesoscopic abnormalities; see Radua et al (2013a) for a review and empirical simulations. Similarly, some studies used corrected Pvalues, whereas others did not. This might affect the precision of the estimation of the effect sizes, with the maps being better recreated when a large number of reported peaks is available-independently of whether they are statistically significant or not. Finally, there is growing evidence that OCD is a heterogeneous disorder (MataixCols et al, 2005) , with specific neurocircuitry partially underpinning different symptom dimensions (Mataix-Cols and van den Heuvel, 2006) . For instance, the contamination/washing dimension has been reported to be associated with parietal WM abnormalities, whereas harm/checking and symmetry/ordering with temporal WM abnormalities (van den Heuvel et al, 2009) . Additional work with larger and better-characterized samples is needed in order to meta-analyze the WM correlates of such symptom dimensions.
Conclusions
Keeping the above caveats in mind, our results suggest that patients with OCD may have widespread WM abnormalities, which are particularly prominent in anterior midline structures. The findings are broadly consistent with both the classic fronto-striatal model of the disorder and also Figure 2 White matter volume (WMV) and fractional anisotropy (FA) in a parallel fiber tract and in a simple fiber crossing, where the non-dominant tract (ie, the tract with lower volume) is drawn darker. Please note that Figure 2 represents a simple scenario in which there is an increase or decrease of the number or diameter of axons of only one of the tracts. More complex scenarios might be also considered, involving abnormalities in more than two tracts or due to, for example, changes in membrane permeability or in the presence of non-axonal components such as other cells, vessels or interstitial fluid.
with more recent 'systems' approaches, which emphasize the implication of multiple other brain systems (frontolimbic, fronto-parietal) in OCD. The potential effects of medication on WM in OCD should be investigated further. Longitudinal studies of brain maturation from childhood to adulthood are also needed.
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